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Introduction

•North American reliability standards

•NERC Std. MOD-026 and MOD-027

–Transmission Planner has 90 calendar days to respond if 
provided models are usable or not. 

• Models initialize without error

• No spurious behavior during a no-disturbance (flat) simulation

• Adequate response (stable response) following a disturbance that is 
otherwise stable

•Usability in these Standards is not related to an 
assessment of adequacy of the dynamic response of 
the equipment
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Full System Model

• Update models to the database of the full 
interconnected system model

• NERC Model Validation Procedures

– Routine Tests

• No-fault test (no-disturbance test)

• Ring down test

• Regional tests

• NERC Std. MOD-032

• NERC Std. MOD-033
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http://www.nerc.com/comm/PC/Model Validation Working Group MVWG 2013/NERC_Model_Validation_Procedures_v3.pdf


Simplified Tests

• Open Circuit Step Response

• Response Ratio Test

• Online Voltage Reference Step Response

• PSS model testing

• Excitation limiter testing

• Turbine/speed governor testing
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Open Circuit Step Response

– Each generation unit is initially operating at full 
speed, no load (not synchronized to the grid)

– Could be an automatic function of the software, 
such as PSS/E ESTR/ERUN

– Results are comparable to actual equipment 
commissioning tests

– Excellent for checking excitation system (AVR) 
dynamic response

– Also checks some parameters of the synchronous 
generator model
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Open Circuit Step Response

– Does not test PSS models 

– Might not be applicable to test excitation limiter 
models

– Might not test the limits (ceilings) of the excitation 
system
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Response Ratio Test

– Response Ratio (aka Excitation System Nominal 
Response) is defined in IEEE Std. 421.2

– Provides the value for the rated field voltage and 
current of the equipment

– Might test the excitation system limits (positive 
ceiling)

– Might not be applicable to high-initial response 
excitation systems, particularly when field current 
limiters (e.g. OEL) is not represented in the 
simulation
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Online Voltage Reference Step

– Single machine versus infinite bus (SMIB) model

– Comparable to actual field commissioning tests

– Related to the local mode of oscillation of the unit

– Oscillation frequency in the simulation is related 
to the generator dispatch and the value of the 
transfer impedance in the SMIB system

– Simulations with and without the PSS model will 
show the PSS contribution to damping at this 
oscillation frequency
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Synthetic System

• Load as constant impedance

F. P. de Mello and C. Concordia, "Concepts of Synchronous Machine Stability as Affected by Excitation 
Control," in IEEE Transactions on Power Apparatus and Systems, vol. PAS-88, no. 4, pp. 316-329, April 
1969.
doi: 10.1109/TPAS.1969.292452

• Load as constant power

F. J. De Marco, N. Martins and J. C. R. Ferraz, "An automatic method for power system stabilizers phase 
compensation design," in IEEE Transactions on Power Systems, vol. 28, no. 2, pp. 997-1007, May 2013.
doi: 10.1109/TPWRS.2012.2209208
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PSS Model Testing
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• Using the synthetic system, effect of PSS on 
oscillation damping can be assessed for any 
frequency of interest

• For low frequencies (inter-area modes), most 
of the generator output is feeding the local 
load, not being transferred to the infinite bus

• Limited overall effectiveness of the PSS, as it is 
modulating just a small fraction of the total 
power output of the generator



PSS Model Testing
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• Local mode
SMIB
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PSS Model Testing
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• Inter-area
SMIB
local load
XE = 200%
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PSS Model Testing
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• No PSS
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Excitation Limiter Testing

• How to check these models for usability?

– Commissioning field tests often performed at 
modified settings (lowered limits)

– Disturbances resulting in activation of the limiters 
are not common

• Suggestion

– Single machine versus “almost” infinite bus system

– Replace infinite bus by a conventional synchronous 
generator with excitation system
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Excitation Limiter Testing
• Suggested Test System

– Step in voltage reference, to simulate a change in 
the grid voltage

– Positive step → high system voltage → machine goes 
under excited until reaching UEL

– Negative step → low system voltage → machine 
goes over excited until reaching OEL

– Relationship DQ/DET is inversely proportional to the 
equivalent impedance XE
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Turbine/Speed Governor Testing

• Isolated (islanded) operation or grid-connected 
operation? 
– Very important distinction, particularly for hydro units

– PSS/E activities GSTR/GRUN automate the test for isolated 
system conditions

– No automated features to test grid-connected response

• Playback of recorded system frequency 
disturbances
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Turbine/Speed Governor Testing
• Suggested Test System 

– Single machine versus “almost” infinite bus system

– Replace infinite bus by a conventional synchronous 
generator with excitation system and speed 
governor

– Add a local load at the “almost” infinite bus, to make 
the equivalent machine a generator and to allow a 
step change in total system load

– Adjust magnitude of the step in the system load and 
parameters of the equivalent governor as necessary
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Turbine/Speed Governor Testing
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